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In Vitro Growth of Swine Roundworm Larvae, Ascaris suum: 
Cultivation Techniques and Endocrine Regulation 
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abstract: A stationary, multi-well bioassay for growth and development of Ascaris suum larvae has proven 
markedly sensitive for the study of endocrinological and pharmacological substances. Experiments were designed 
to assess physical factors of the cultivation procedure (larval density and type of flask) as well as the temporal 
sensitivity of the larvae to potential growth stimulants or inhibitors. Larvae at lower density (100/ml) did not 
grow as quickly as larvae at higher density (400/ml), coincident with their conversion to anaerobic metabolism. 
Large stationary flasks, irrespective of cap type, were similar in larval growth patterns. The present study 
demonstrated that the ecdysteroid agonists, RH-5849, but not RH-5992, had a biphasic effect on larval growth 
after 24-hr, premolt exposure; low concentrations (5 ng/ml) increased growth, and high concentrations (>50 
ng/ml) decreased growth. Addition of 20-hydroxyecdysone (20-OH) after the third molt also decreased growth 
of the fourth-stage larvae; ecdysone did not share this effect over the same dose range. Decreased growth, when 
exposure after molting to 20-OH or an agonist, suggests that alternative pathways might be disrupted by the 
presence of these compounds. 
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In nematodes, ecdysis is defined broadly as 
the deposition of a new cuticle under the old 
one, and then the removal of the old cuticle, or 
exsheathment (Willett, 1980). Regulation of 
these events in parasitic nematodes is under¬ 
stood incompletely but apparently involves neu¬ 
ral (Davey, 1966), hormonal (Dennis, 1977), and 
enzymatic (Gamble et al., 1989) regulators. The 
model traditionally used for the study of molting 
in nematodes is the second molt of Haemonchus 
contortus (Rogers and Head, 1972), but this 
model involves only the final phase of the ec- 
dysial process, i.e., exsheathment. Hence, syn¬ 
thesis of the new cuticle already is completed 
while the Haemonchus larvae are maintained in 
a dormant, infective stage, likely obviating any 
steroidal involvement in the final, short-term (30 
min) process of exsheathment. In Nematospo- 
roides dubius (Dennis, 1977), Ascaris suum 
(Fleming, 1985a), and Dirofilaria immitis (Bar¬ 
ker et al., 1990), very low concentrations of ex¬ 
ogenous ecdysteroids enhanced ecdysis in vitro. 
Additionally, steroidal regulators also might 
serve as nonspecific growth modulators inde¬ 
pendent of molting in nematodes. 

An in vitro growth bioassay system was de¬ 
veloped (Fleming, 1985b) based on cultivation 
techniques of third- to fourth-stage A. suum lar¬ 
vae (Urban and Douvres, 1981), a developmen¬ 
tal transition that encompasses both cuticle de¬ 
position as well as exsheathment. With this bio¬ 


assay, the effects of steroids (Fleming, 1985a, 
b), biogenic amines (Fleming, 1988), and insect 
molting inhibitor (Fetterer and Fleming, 1991) 
have been examined in dose-response experi¬ 
mental designs, with exposure to the drugs lim¬ 
ited to a brief (24 hr) premolt period. However, 
various aspects of the cultivation process have 
not been examined specifically relative to pre¬ 
viously defined hormonal responses. These in¬ 
clude aspects of larval culture density, optimal 
culture vessel, and postmolting or long-term ex¬ 
posure to potential regulators. These regulators 
comprise ecdysone, 20-hydroxyecdysone (20- 
OH), the ecdysteroid agonists (dibenzoyl hydra¬ 
zines) RH-5849 (Wing, 1988) and RH-5992 
(Smagghe et al., 1995), and plumbagin (5-hy¬ 
droxy, 2-methyl-1,4-napthoquinone), an extract 
of plants of the Plumbago spp. that inhibits in¬ 
sect development (Kubo et al., 1983; Joshi and 
Sehnal, 1989) and demonstrates antileishmanial 
activity (Croft et al., 1985). The experiments 
herein were designed to explore these variables 
on the in vitro growth of A. suum larvae in our 
previously defined bioassay (Fleming, 1985b). 

Materials and Methods 

General larval cultivation procedures 

Seven days after per os inoculation of 100,000 de- 
coated and embryonated eggs of A. suum (Urban et al., 
1981), third-stage larvae were recovered from porcine 
lungs by Baermannization. These larvae were rinsed 
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Figure 1. Meant lengths! ±. &EM«Qf fourth-stage 
A. suum larvae j&,Hlfl/giiMipT lVorn 250-ml stan¬ 
dard or vent-cap culture flasks at low or high den¬ 
sity (100 or 400 larvae/ml) and in the presence (5 
ng/ml) or absence of 20-hydroxyecdysone (20-OH). 
Treatments with the same symbol (#) are signifi¬ 
cantly different (P < 0.05). 


in Dulbecco’s phosphate-buffered saline (DPBS) with 
penicillin/streptomycin/genomycin 5 times (1 hr each 
rinse) and rinsed 5 times with fresh DPBS (Urban and 
Douvres, 1981). After sedimentation, medium was as¬ 
pirated, and larvae were resuspended in RPMI-1640 
with 50 p-g/ml of cholesterol (Urban et a!., 1983) and 
placed in either 24 multi-well culture plates or 250-ml 
stationary flasks. Cultures were incubated for 7 or 14 
days at 37° C in 5% C0 2 :95% air, and then larvae were 
fixed in hot buffered formalin. Subsamples of larvae 
(N = 25/well or 100/flask) were magnified and pro¬ 
jected onto the screen of a computer-linked digitizer 
(R & M Biometrics, Nashville, Tennessee), and fourth- 
stage larvae were measured. Data were analyzed by 
analysis of variance, and means were compared with 
Duncan’s multiple range test (Freund and Little, 1981), 
with the exception of the time-course experiment. Be¬ 
cause this experiment required sequential sampling of 
the same flasks, the analysis utilized a generalized lin¬ 
ear model that recognized repeated measurements (n 
= 7) from the same experimental unit, i.e., culture 
flask (Gill and Hafs, 1971). Means were considered 
significantly different at P < 0.05. 

Large flask cultivation 

Stationary 250-ml flasks, with or without vent caps 
(Corning Incorp., Corning, New York), were filled 
with 50 ml of medium and 100 or 400 third-stage lar¬ 
vae/ml. Half of each group of these flasks also were 
supplemented with 20-OH (5 ng/ml), a concentration 
that maximally stimulated growth in multi-well cul¬ 
tures (Fleming, 1985b). Cultures were terminated after 
7 days of incubation. 


G O Low Density 

'• Low Density with 20-OH 
V v High Density 
▼ ▼ High Density with 20-OH 



Figure 2. Growth curves of third- to fourth- 
stage A. suum larvae (N = 100 day/group) multi¬ 
well plates at 2 different densities (100 or 400 lar¬ 
vae/ml) and in the presence (5 ng/ml) or absence of 
20-hydroxyecdysone (20-OH) over 7 days of culti¬ 
vation. 


Time course 

Multi-well plates were incubated with 100 or 400 
larvae/well (2 ml/well) with the addition or absence of 
5 ng/ml of 20-OH. Eight wells from each treatment 
group were fixed each day during 7 days of incubation. 

Insect molting agonists 

Lung larvae (300/well) were incubated for 24 hr in 
multi-well plates that were coated with increasing con¬ 
centrations of the insect molting agonists RH-5849 or 
RH-5992, Larvae were removed from culture wells 
and centrifuged, medium was aspirated, and larvae 
were returned to fresh medium and untreated culture 
plates for an additional 6 days of cultivation, then fixed 
and measured. 

Postmolting hormonal treatment 

Lung larvae were incubated in multi-well plates for 
4 days, after which the majority had molted to fourth- 
stage larvae. Medium and larvae then were transferred 
to new plates that were coated with various concentra¬ 
tions of ecdysone, 20-OH, or ethanol vehicle and 
dried. After 3 days of further incubation, larvae were 
fixed and measured. 

Two-week incubation 

Third-stage larvae were incubated in multi-well 
plates for 1 wk and then transferred to new plates that 
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Figure 3. Mean ler is ± SEM of fourn ... ig Figure 4. Mean lengths ± SEM of fourth-stage 
A. suum larvae (N — 100/dose) from day muli ^ suum larvae (/V = 100/dose) from multi-well 
well cultures tl were exposed to RH-5849 or RH- plates after 7 days of incubation when ecdysone or 

5992 for the ii tial 24 hr. imns ^different 20-hydroxyecdysone (5 ng/ml) was added to culture 

letters are significantly different (P < 0.05). medium on day 4 of incubation. Columns with dif¬ 

ferent letters are significantly different (P < 0.05). 


were coated with various concentrations of 20-OH, 
plumbagin, or ethanol vehicles. After 7 days of further 
incubation, larvae were fixed. 

Results 

The type of large cultivation flask or presence 
of 20-OH had no significant effect on the growth 
of third- to fourth-stage larvae. However, high 
cultivation density in large culture flasks result¬ 
ed in significantly increased larval size (Fig. 1). 

Stationary multi-well larval cultures at the 
higher density, irrespective of the presence of 
20-OH, were significantly larger (15%) than cul¬ 
tures at low density with or without 20-OH, after 
7 days of cultivation (Fig. 2). Divergence of 
growth rates occurred primarily after day 2. 

Brief exposure to the ecdysteroid agonist RH- 
5849 generally decreased the subsequent size of 
larvae, although the sister compound, RH-5992, 
had no consistent effect on growth over the same 
dose range (Fig. 3). 

Addition of ecdysone after molting (day 4) 


significantly decreased growth at the lower con¬ 
centration, but the higher concentrations were 
similar to control values (Fig. 4). In contrast, a 
similar temporal addition of 20-OH significantly 
decreased growth at the higher concentrations 
(Fig. 4). Growth of larvae from the multi-well 
plates was comparable to growth of larvae from 
the culture flasks (Fig. 1). 

The exposure of fourth-stage larvae to 20-OH 
from days 7 through 14 of cultivation resulted 
in significant decreased growth at only the in¬ 
termediate concentration of 100 ng/ml (Fig. 5). 
Plumbagm, with the same regimen of exposure 
and cultivation, resulted in fourth-stage larvae 
that were consistently 10% longer than control 
larvae at all drug concentrations. 

Discussion 

The enhanced growth of the A. suum larvae 
at the 4-fold higher density suggests that certain 
metabolic processes function as positive stimuli 
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